The influence of isolated impurity atoms on the electron energy spectrum in a parabolic quantum dot in quantizing magnetic field is studied. The impurity potential is approximated by a Gaussian separable operator which allows one to obtain the exact solution of the problem. We demonstrate that in the electron energy spectrum there is a set of local levels which are split from the Landau zone boundaries in the upward or downward direction depending on the impurity type. We have calculated the local level positions, the wave functions of electrons in bound states, and the residues of the electron scattering amplitudes by impurity atoms at the poles.
Physicists and technologists are interested in quantum dots [1] for a number of reasons, the main one of which is that they are functional elements of modern devices and electronic gadgets. This interest has intensified since experimentalists learnt how to synthesize these nanosystems in laboratories. For theorists, quantum dots are of interest because they are convenient objects to test new calculation methods. Of particular interest are properties of the quantum dots with impurity atoms in a magnetic field. Due to a small number of electrons in the quantum dot even a single impurity atom influences strongly its properties. Within a limited volume of the quantum dot in a magnetic field, interesting phenomena become present like hybridization of spatial and magnetic quantization of the electron's motion. The electron localization on individual impurity atoms considered here is one of such phenomena.
The impurities in bulk-and nanosystems play a double role. On the one hand, they determine the lowtemperature behaviour of the kinetic characteristics of a system. On the other hand, the impurities influence the energy spectrum of the system thereby leading to the appearance of local and resonant levels in the energy spectrum of quasi-particles [2] [3] [4] . These levels exert a profound influence on the properties of solids [2] [3] [4] [5] [6] [7] [8] [9] .
In this work, we present the results of a theoretical study made on the local states of electrons in quantum dots in a quantizing magnetic field using the method of degenerate regular perturbations [2] . We shall use the model of a parabolic quantum dot [1] based on 2D electron gas with the confinement potential m * ω 2 0 ρ 2 /2, where m * is the effective electron mass, ω 0 is the potential paramea e-mail: georgiy.i.rashba@univer.kharkov.ua ter, ρ is the polar radius in the plane z = 0 occupied by the 2D electron gas. The magnetic field B with the vector potential A = B ρ /2 is perpendicular to this plane.
The wave function of the electron's stationary state in the field of confinement and in the magnetic field is equal to [10] [11] [12] :
where n and m are the radial and azimuthal quantum numbers, ϕ is the polar angle, l = (m * ω) −1/2 is the magnetic length, ω = ω 2 c + 4ω 2 0 1/2 is the hybrid electron frequency (ω c denotes the cyclotron frequency), L |m| n are the generalized Laguerre polynomials. The quantum constant here and below is taken to be equal to unity. The electron energy in the state (1) is:
where σ = ±1 denotes the spin quantum number, μ is the electron spin magnetic moment. The spectrum (2) is of serial nature [1]. Let us assume that the impurity atom is located at the center of the coordinate system. The impurity potential is approximated by separable operator
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where a is the extent of this function. Figure 1 shows the potential V of confinement and impurity potential of attraction (a) and repulsion (b) of electron in the quantum dot. The potential (3) was used in the references [2-4], the function (4) was used in studying the electron impurity states in bulk conductors in the reference [13]. The limit passage to the δ-potential υ 0 δ ( ρ) is made by the substitution 4π lim a→0 u0→∞
The advantages of the chosen potential (3), (4) are such that it allows for the exact solution of the problem of the electron impurity states in the quantum dots and it helps to avoid divergences of sums and integrals which are present in the case of dot potential. Besides, in the theory there are two independent parameters u 0 /ω and a/l, but not just one, υ 0 , as it is in the case of the zero radius potential method [14] . The Green function G of electron in the quantum dot is associated with the scattering operator T via the relationship [3] G = G 0 + G 0 TG 0 , where G 0 is the Green function in the absence of the impurity potential. The operator T is equal to [15] 
is proportional to the scattering amplitude of electron with the energy ε by the impurity atom. Here, κ = (n, m), ε κσ are the electron energy levels (2). The overlap of states η |κ entering equation (6) is given by
The function g σ (ε) has the following form:
In the limiting case u 0 → ∞, a → 0 the factor u 0 g σ (ε) is equal to υ 0 ν σ (ε), where ν σ (ε) is the density of electron states in magnetic field. The function D σ (ε) is related to the function (8) via the relationship:
The Kronecker symbol δ m0 in (7) indicates that the impurity potential (3), (4) scatters the electrons with zero projection of the angular moment on the magnetic field direction only. The scattering amplitude poles (6) in the complex energy plane are associated with local and resonant levels of the electron energy in the impurity atom field. They are the roots of the Lifshitz equation [3]:
In the considered case this equation is as follows:
where 
The exact equation (11) for the local levels ε l contains two independent parameters: ω/u 0 and l/a. The analysis of this equation indicates that in the electron energy spectrum there is a set of local levels, ε l , detached from the boundaries ε n0σ of the series (2) in the downward direction in the case of attractive impurity potential (u 0 < 0) and in the upward direction in the case of repulsive one (u 0 > 0). Let us consider solutions of equation (11) in several limiting cases.
